I. Introduction
Nursing staff is the corner stone of any healthcare organization. To provide high quality patient care those nurses have to be able to think critically to analyze tough situations, generate alternative and innovative solutions, set priorities, solve problem, and make ethical decisions. During the undergraduate education, nursing students should be equipped with those skills to be able to assume their future role and face the challenges associated with their work responsibilities (Kaddoura, 2010; Walsh, 2006). Therefore, nursing schools need to adopt learning models that focus on active students' participation and enhance their self learning skills (Muir Gray, 2001; Jen-Obrom, 2003).
Self directed learning (SDL) is a process where the adult nursing students take the initiative to specify their own learning needs, aims, the appropriate learning sources and strategies, as well as, evaluating their learning results. This process can be established by nursing students independently or with others support including educators, tutors or even classmates. Adding to that, it can be developed at different settings as the academic, continuing education settings or at clinical practice level, by the faculties' educators or nursing manager (Manee, et al., 2006; Şenyuva and Kaya, 2014). SDL has four stages; the first stage is assessing the surrounding environment, one's own readiness for SDL, learning needs and required learning resources. The second stage is planning to promote SDL; the third stage is implementing the learning activity using the most effective learning strategies and finally, evaluating learning outcomes and discovering the future learning needs (Majumdar, 1996; Jenkins et al. 1998).
The success of SDL process depends on the readiness of nursing students to learn, this readiness can be viewed as owning the required personal traits, attitudes, and talents for SDL. Learners with high SDL readiness are aware of their learning responsibility, and act independently. They have the curiosity, and self-confidence in their abilities to organize their times and plan their learning tasks and solve problems effectively (Abd-ElFattah, 2010; Chou and Chen, 2008). Likewise, there are many benefits for applying SDL in nursing including enhancement of students' enthusiasm, self-confidence, autonomy, and refine their clinical skills for continuing education. During SDL process nursing students are also encouraged to build up the ability to appraise the gaps in their knowledge and skills afterwards look for relevant resources to assist them overcoming this gap (Karimi, et al., 2010; Li Ping (Lillian) 2010).
Self-directed nursing students tend to think about different aspects of new ideas; and rely on independent different resources to gather data rather than being limited to one source. Also, they are able to recall their earlier knowledge and experiences; interpret their points of views and deal with uncertainty. Additionally, they are eager for their learning achievements; apply hypothesis-based approach to learning; takeadvantage-of feedback obtained in other situations; and being autonomous in their learning process. This autonomous strengthens nursing students` learning passion and allows them to continue their lifelong learning on the same basis (Li Ping (Lillian), 2010; Azer, 2008).
Nursing students who experienced SDL are able to discover required knowledge through different methods including internet, journals, textbooks, asking experts, and apply their own experience. So, those students need to be able to judge the validity of searched data and match this data with their learning objectives. Consequently, the process of SDL is involved with students' critical thinking (Manee, et al., 2006) . Critical Thinking (CT) has been viewed as a vital curricular outcome in nursing education; moreover it has positive outcomes in both nursing education as well as, nursing practice (Kaddoura, 2010; Walsh, 2006).
CT can be defined as a deliberate compound process encompasses analyzing, interpreting, and evaluating the existing data to make purposeful, self-regulatory judgment that lead to the appropriate decisions (Oderda et al., 2011; Wilgis and McConnell, 2008). However, CT disposition is the personal characteristics that lead to make self-comparison led-decisions when experiencing personal as well as, professional problems. CT has two dimensions cognitive and affective dispositions. The cognitive disposition encompasses interpretation, analysis, evaluation, inference, explanation and self-regulation skills. These skills are crucial for reasoning process to reach the suitable decision based on the student's set of believes (Simpson and Courtney,  2002) .
Whilst, the affective dispositions dimension is also known as intellectual traits; and encompasses inquisitiveness, desire to be knowledgeable, and awareness to employ CT. Furthermore, affective dimension includes trustful of reason, self-confidence in ability to reason, open-mindedness, honesty to face personal biases, carefulness in making judgments, and readiness to adjust personal views (Paul and Elder, 2008; Scheffer and Rubenfeld, 2000). These dispositions are considered as the basics that motivate nursing students to exercise CT of the reasoning process. (Chenworth, 1998; Facione, et al, 1994). Critical thinker nursing students display behaviors of self confidence, flexibility, creativity, curiosity, intellectual honesty, openness and persistence. Furthermore, they exhibit cognitive skills including analyzing, discerning, logical reasoning, and forecasting (Shin, 2006; Scheffer and Rubenfeld, 2000).
Some nursing programs underpin a range of strategies to ensure students' active participation in the learning process and improve their critical thinking capabilities including; utilization of questioning which include thinking skills and the capability to classify and articulate knowledge; small group activities; role-play; simulation; debate; case studies; formal/informal writing assignments and; finally problem based learning (PBL) (Bittner and Tobin, 1998; Oermann, 1997). PBL focuses on learner centered approach that allows nursing students working in small groups to discover solutions for problems. PBL helps students to engage in selflearning and enhance their critical thinking skills (Shahin and Tork, 2013). Even with the recognition given to the significance of CT for nursing practice, different researches regarding PBL based on self-reported satisfaction of nursing students and did not address CT as an outcome of PBL Aim of the study Present study aimed to apply SDL strategy to enhance nursing students' CT skills.
Research hypothesis:
Applying SDL strategy expected to enhance nursing students' CT skills.
The Null Hypothesis
Applying SDL strategy will have no significant difference in the nursing students' CT skills. Materials and Method Materials Design: (Pretest and posttest) quasi experimental research design was used. Setting: The study was conducted at the Nursing Administration Department, Faculty of Nursing, Tanta University. Subject: All (152) 4 th year nursing students enrolled in nursing administration course during the 2 nd semester and accepted to participate in the study from the total (175). Those students were divided randomly into two groups experimental group (No.=76) and comparison group (No.=76). Data collection tools: Four tools were used Tool I: California Critical Thinking Disposition Inventory (CCTDI): developed by Facione et al. (1994) to assess nursing students' CT. The tool consisted of two sections; Section (1) subjects' characteristics included age, gender, residency, previous study and 3 rd years' grade. Section (2) consisted of 75 items grouped into seven subscales: truth seeking (12 items), open-mindedness (12 items), analyticity (11 items), systematic (11 items), self-confidence (9 items), inquisitiveness (10 items), and maturity (10 items). Nursing students' responses were on a 6-points Likert ranging from "strongly agree" to "strongly disagree". The negative items' scores were reversed, so that a higher score indicated more positive characteristic. Tool III: Self-Directed Learning Readiness Scale (SDLRS) developed by Guglielmino (1991), to examine nursing students' level of SDL readiness. The scale consisted of 58 items with a five points Likert Scale, ranging from 1= almost never true of me to 5 = almost always true of me. The readiness was assessed as a total score with possible scores ranging from 58 to 290. A high score indicated high readiness for SDL; students' scores were classified into levels of readiness: low ( 
II. Method
 Ethical considerations: Official permission was obtained from Dean of Faculty of Nursing-Tanta University to conduct the study. Researchers met the nursing students to explain the purpose of the study, take their consent, and inform them about their right to withdraw and the confidentially of their data.
 Validity and reliability: Pilot study was done prior data collection to test the tools clarity on 10% (N=16) of nursing students (not included in the sample). Tools reliability was tested by Crombach alpha coefficient. Tools content validity was checked by seven experts in the field of administration, and community nursing, depending on experts' responses and pilot study tools were adjusted and finalized.
 Field work: Pre-intervention phase; SDLRS, CCTDI and knowledge test was used to collect both study groups' baseline data (pretest), it consumed about one hour to fill in these tools. Then, the both study groups were provided with six problem situations to analyze one/ week. Intervention phase; the experimental group attended class workshops via small group discussion using blackboard and data show, the learning package included materials about SDL and CT. The experimental group trained on the steps required to complete the problem situations analysis by being subjected to four different problem situations one/2 week guided by researchers to ensure students' application of SDL. The researchers act as facilitators. They encourage the experimental group towards self-directed learning, and make sure that all students were involved. The collection of data lasted five months. After finishing the study, the comparison group was subjected to the same workshops. Evaluation phase; the two study groups completed a posttest to measure their improvement in CT and SDLR (the same pretest). Then, the both study groups' were given six problem situations to analyze one/week (same as pre-intervention). The students' responses to problem situations were analyzed by HCTSR, (table, 1 ).


Statistical analysis:
Data entry and statistical analysis were done using SPSS 19.0 statistical software package. For quantitative data the range, mean, and standard deviation were used. The difference between two means was statistically analyzed using the student paired (t) test. For qualitative data number and percent distribution was calculated. Qualitative categorical variables were compared using chi-square test. Pearson Correlation was used to find the relationship between the CT and SDL. Statistical significance was considered at p-value <0.05. Table ( 2) shows subjects' personal characteristics. More than two thirds (67% and 68%) of both experimental and comparison groups fall in the age group ˃21 years, also, 64% and 70% of them were female, respectively. More than two thirds (64% and 71%) of the experimental and comparison led groups lived in villages, and majority (95% and 88%) of them lived with their families, respectively. Majority (86% and 89%) of the experimental and comparison led groups graduated from general secondary school, and around half (54% and 51%) of them had good grade in their 3 rd year respectively. Table ( 3) shows distribution of study groups' total knowledge levels regarding critical thinking and self directed learning pre and post intervention. Pre-intervention high percent (73.7% and 63.2%) and (78.9% and 57.9%) of both experimental and comparison group had low knowledge level regarding SDL and CT respectively. Post-intervention high percent (84.2% and 67.1%) of the experimental group had high knowledge level regarding SDL and CT respectively. There were statistically highly significant increase in the study subjects' knowledge Level at (p<0.001) for experimental group only when comparing post and pre levels. (1) illustrates study groups' self assessment of their self directed learning readiness skill pre-intervention. Majority (79% and 84%) of the experimental and comparison groups had medium and low levels of self assessment regarding SDL readiness skills, respectively. 
III. Results
Applying Self-directed Learning Strategy to Enhance Nursing Students' Critical Thinking Skills
Low (58-176), below average (177-201), average (202-226), above average (227-251), and high (252-290).
Table (4) illustrates distribution of the study groups according self directed learning level pre and post intervention. Pre intervention, high percent (71% and 75%) of both experimental and comparison groups had low and below average level regarding self directed learning, respectively. Post intervention high percent (61.9%) of the experimental group had above average and high level regarding SDL. Post intervention there was a statistical significant difference between comparison and experimental groups regarding the levels of SDL at p < 0.05. P1 comparison between pre and post in the same group P2 comparison between post in each group. P < 0.05 Table ( 6) shows mean and standard deviation of study groups' scores regarding critical thinking subscales pre and post intervention. Four of the seven subscale mean scores (truth-seeking, open-minded, analyticity, and systematisty) for both the experimental and comparison nursing students groups were found to be ˃40, while, self confidence, inquisitiveness and cognitive maturity subscales were ≤40 pre intervention. The highest mean score for both the experimental and comparison groups pre-program were found to be 49.47+4.28 and 48.76+4.86, respectively regarding truth-seeking. While, the lowest mean score for both the experimental and comparison groups pre-program were found to be 37.05±9.00 and 35.32±8.11, respectively regarding self confidence. Pre-program total mean scores (303+16.06 and 299.31+18.53) for experimental and comparison groups, respectively showed a positive disposition towards critical thinking. Table also shows significant improvement between the experimental groups' mean-scores pre and post intervention at all CT subscales at p < 0.05. Table (7) shows correlations coefficient between nursing students' total self directed and critical thinking subscales post intervention. As shown in the table there is a statistical significant positive correlation (at P <0.05) between experimental nursing students' total SDL and total CT and all subscales except inquisitiveness subscale (r =0.037, p= 0.202). While, there was no statistical significant correlation between comparison nursing students' total SDL and their CT except self confidence and cognitive maturity subscales (r=0.330, p=0.001* & r=0.503, p=0.003*). As the significant (p) value was less than 0.05, the null hypothesis is rejected. Table (8) shows distribution of the study groups according to holistic critical thinking rubric scores pre and post intervention. Pre-intervention around three quarts (71% and 73.7%) of both experimental and comparison groups, respectively fall between levels one and two of holistic critical thinking scoring rubric. While, post-intervention majority (94.8%) of the experimental group fall in levels three and four, of holistic CT scoring rubric, while comparison group did not view any remarkable change Table (9) shows distribution of experimental group according to the methods used to solve problem situations. Majority of the experimental group (82.9%) depend on library to solve problem situations. High percent (60.5%) of the experimental group used textbooks, and around one quarter (27.6%) utilized internet to solve problem situations.
IV. Discussion
Healthcare field is rapidly changing as a result of continuously advancing technology; subsequently today's nursing students must be self-learners and can manage their learning process independently. Self directed nurses tend to be self-confident, creative, inquisitiveness, honest, open-minded and persistence. These traits are required to be critical thinker thus our study concerned with enhancing nursing students' CT skills through applying SDL strategy (Yıldırım, 2010).
Nursing students' pre intervention self assessment of SDL and CT:
Current study results revealed that majority of the experimental and comparison nursing student groups had medium and low levels of self assessment regarding SDL readiness skills. This might be explained as those nursing students rely heavily on their educators to guide their learning process, they may be lacking self confidence and do not trust their abilities, thus they need to be challenged to take an active role to participate in planning and designing their learning process. These findings were going with Senyuva and Kaya (2014), they found that their study subjects had low level of self-learning readiness. While they found that nursing students had a positive disposition toward CCTDI. Also, Shin (1996) concluded that baccalaureate nursing students' CT score was significantly higher than that of diploma students. This differed from findings of Tiwari et al (2003) they found that nursing students' had ambivalent level regarding critical thinking disposition.
Present study results revealed that for the experimental and comparison groups pre intervention, four of the seven CT subscales mean scores found to be ˃40 including (truth-seeking, open-minded, analyticity, and systematisty) while, self confidence, inquisitiveness and cognitive maturity subscales were ≤40. These findings can be interpreted as those nursing students have practiced problem solving and case study methods during their clinical work assignments thus, their open-minded, analyticity and systematisty were high.
Furthermore, present study data was reassuring where nursing students with positive disposition towards systematicity are able to organize and prioritize patient care, make effective decisions, and are attentive. In fact, our nursing curricula is based on problem-based learning that enabled students to specify problems accurately, analyze situation to conclude causes and consequences, generate solutions, carryout solutions, and evaluate the outcomes. These findings were incongruent with Hicks et al (2003) they found that nursing students showed limited CT dispositions regarding analyticity, open-mindedness, and truth-seeking.
In contrary, present results were not promising where low cognitive maturity scores in CT scale indicates that our nursing students could not realize that some complex problems can have more than one solution. While, low inquisitiveness score revealed they were lacking the curiosity for learning that influence their ability to expand proficient knowledge and practical skills as mentioned by Shin (2006). This can be viewed as a consequence of using teaching methods that require only a single best answer to a given problem. Present study results showed the highest mean score for both the experimental and comparison groups pre-program were regarding truth-seeking, while, the lowest mean score were regarding self confidence. These results are comforting since Facione (1995) mentioned that high score of truth-seeking infer that nursing students in a given situation are being excited to search for the most relevant facts, ask questions, and be frank and objective about tracking inquiry despite the consequences do not match their interests or opinions. Whilst, low score in self-confidence subscale shows distrust those nursing students lay in their reasoning process that can be due to their limited experience and immaturity. These results were opposite to those of 
Nursing students' knowledge about self-directed learning and critical thinking:
Pre-intervention high percent of both experimental and comparison groups had low knowledge level regarding SDL and CT, but post-intervention there were statistically high significant increase in the experimental group' knowledge Level at (p<0.001). The present study subjects were lacking knowledge regarding SDL and CT, so they were interested to gain knowledge regarding these skills. According to Liu et al. (2010) building good knowledge base and desire to share knowledge among participants enhanced their knowledge caliber.
Nursing students' post intervention self assessment of SDL and CT stimulus:
Present results indicated that there was positive statistical significant correlation (at P<0.05) between experimental nursing students' total SDL and total CT all subscales except inquisitiveness. While, there was no statistical significant correlation between comparison nursing students' group total SDL and their CT except self confidence and cognitive maturity subscales. SDL enable nursing students to control and shape their learning experience, through application of reflective judgment that is required to be critical thinker. These results supported by The study results revealed that post intervention high percent of the experimental group had above average and high levels regarding SDL. Also, there was a statistical significant difference between comparison and experimental groups regarding the levels of SDL at p<0.05, post intervention. This improvement in the experimental nursing students' readiness to SDL was apparently due to the intervention. These results were confirmed by Senyuva and Kaya (2014) they found that their study subjects' level regarding self-learning readiness increased above threshold after their intervention.
Current study findings showed that pre-intervention around three quarts of both experimental and comparison groups fall between levels one and two of holistic CT scoring rubric. While, post-intervention and analyzing problem scenarios, majority of the experimental group fall in levels three and four of holistic CT scoring rubric, and still comparison group did not view any remarkable change. Through problem situations nursing students' can gain many skills such as analyzing relationships among elements of a given situation, justifying their reasoning through facts, and being able to confront their own and others assumptions. These results were confirmed by Lee (2004); Facione and Facione's (1996) as they found that students' receive experimental intervention had significant improvement in their CT scoring rubric posttest than pretest. Also, Halpern (1999) reported that permitting students to apply the knowledge and skills into other domains enhance their CT skills. Lowenstein & Bradshaw (2001) stated that imposing students to complex situations, and encourage them to apply discussion and debates regarding problem situations enhance their performance. (Bastable, 2003) and Camiah (1998) proposed that using problems based learning in adult learning provide them with opportunity to build on prior experience, integrate knowledge, and apply these knowledge in future situations. Also, they noted that problem based learning promotes teamwork thus, it encourages developing CT skills. So, using more open and flexible learning methods is crucial in nursing education.
Also, present study result revealed that there was a statistical significant improvement in the experimental groups' mean-scores post intervention at all CT subscales at p < 0.05. These findings proof the notion that CT skill can be enhanced through applying SDL and PBL. According to Rowles and Brigham (2005), students' CT skills can be fostered through educational programs based on problems situations. Kerka (2005) found that SDL help student to accept responsibility for their learning and being able to select their own goals and take active steps to achieve these goals, thus SDL can improve students' academic achievement. In keeping with this Bartlett and Cox (2002) reported an improvement in CCTDI scores of 28 physical therapy students after a year-long program. Yıldırım (2010) found that nursing studentsactive participation in activities such as PBL, case studies and group discussions enhanced students' total CT disposition score.
Guglielmino et al (2004) and
Present study revealed that majority of the experimental group depended on library to solve problem scenarios. High percent of the experimental group used textbooks, and more than one quarter used internet to solve problem scenarios. According to Quarstein & Peterson (2001) using library and textbooks are helpful methods for adult learners to gain knowledge about different topics thus; they base their solving of problems on accurate facts and explore important issues, bearing in mind different viewpoints. Also Youngblood and Beitz (2001) confirmed these results and found that portfolio development, clinical journals, clinical reaction papers, group presentation were perfect strategies to enhance CT.
V. Conclusion
It has been proven that SDL enhanced nursing students' CT skills. Pre-intervention majority of the experimental and comparison nursing students groups had medium and low levels of self assessment regarding SDL readiness skills. Nursing students' had an ambivalent level regarding self confidence, inquisitiveness and cognitive maturity subscales pre-intervention. Pre-intervention around three quarts of both experimental and comparison groups fall between levels one and two of holistic critical thinking scoring rubric. While, postintervention majority of the experimental group fall in levels three and four, of holistic critical thinking scoring rubric, that shows significant improvement of experimental nursing students' critical thinking skill. Based on this we recommend:  Nursing faculties need to redesign undergraduate curricula to enhance students' self-confidence and cognitive maturity to generate multiple innovative solutions.  Nurse educators demand to stimulate student's CT through introduce interesting and challenging problem scenarios. Also they need to encourage students to ask questions, challenge them to search for the most relevant facts, and be objective about tracking inquiry to raise their confidence in their reasoning process.  Further research: need to explore effect of using CCTDI to assess nurse educators' teaching techniques for instructional effectiveness.
